Objective. To determine 1) the feasibility of implementing an e-learning module on chronic low back pain (CLBP) in an older adult into an existing internal medicine residency curriculum and 2) the impact of this module on resident attitudes, confidence, knowledge, and clinical skills relating to CLBP.
Methods. Participants were assigned to complete either the online module (N 5 73) or the Yale Office-based curriculum on CLBP (N 5 70). Attitudes, confidence, and knowledge were evaluated pre-and postintervention via survey. A retrospective blinded chart review of resident clinic encounters was conducted, wherein diagnosis codes and physical exam documentation were rated as basic or advanced.
Results. There was no improvement in overall knowledge scores in either group (60% average on both metrics). There were tendencies for greater improvements in the intervention group compared with controls for confidence in managing fibromyalgia (2.4 to 2.9 vs 2.5 to 2.5, P 5 0.06) and leg length discrepancy (1.8 to 2.5 vs 1.5 to 1.9, P 5 0.05). Those exposed to the online module also showed an increase in the percentage of physical exam documentation rated as advanced following the intervention (13% to 32%, P 5 0.006), whereas the control group showed no change (14% to 12%, P 5 0.68).
Conclusions. An online module on CLBP in the older adult was a feasible addition to an existing curriculum for internal medicine residents. The module positively and substantively impacted resident clinical behaviors, as evidenced by enhanced sophistication in physical exam documentation; it also was associated with improved confidence in certain aspects of chronic pain management Key Words. Chronic Low Back Pain; E-learning Module; Medical Education
Background
Chronic low back pain (CLBP) negatively impacts the lives of millions of Americans each year, posing an enormous financial burden to the US health care system. While the exact burden of disease is difficult to define given significant heterogeneity among epidemiologic studies [1] , it is widely accepted in the literature as a ubiquitous and significant public health issue [2] [3] [4] , with global estimates of point and lifetime prevalence as high as 12% and 40%, respectively [5] . Moreover, it has also been widely recognized that the prevalence of CLBP is rising [6, 7] , at least in part due to the aging of the Baby Boomer population: By the year 2050, an estimated 88.5 million Americans will be older than age 65 years [8] .
Chronic pain costs the US health care system more than $500 billion dollars annually [9] , whereas back and neck problems are estimated to represent $100 billion in health care expenditures [10] . The expenses related to low back pain are also growing at an alarming rateby an estimated $57.2 billion between 1996 and 2013 [11] -reflecting an increase out of proportion to overall health care expenditures during the same time period, and without improvements in self-reported health status [12] . Despite these astronomical costs, debility from low back pain remains among the highest of any chronic medical condition: In a systematic analysis of the global burden of disease in 2013, low back pain was shown once again to be the number one cause of years lived with disability (YLDs) in 45 of 50 developed countries [13] .
One reason for the increasing costs is reflected in national management patterns, which demonstrate increases in advanced imaging, corticosteroid injections, and opioid prescriptions [14] . This is occurring despite a national push for a guideline-based, stepwise approach to the management of pain [10] , and in many cases in direct opposition to recognized recommendations [15] . This stems, at least in part, from the fact that pain education is inadequate and fragmented at all levels of training, which has been widely recognized by various professional organizations [16] . The Institute of Medicine's (IOM's) 2011 report on Relieving Pain in America outlined these national deficits in pain education and stressed the importance of improving and expanding upon these curricula [9] . In response to the IOM report, in 2016 the Interagency Pain Research Coordinating Committee (IPRCC) released the National Pain Strategy (NPS), a comprehensive roadmap for improving pain management in the United States [17] . Among a number of other core recommendations, the NPS advocated for improving professional education and training, including the development of "disciplinespecific core competencies" in pain education, as well as an easily accessible "web-based pain education portal."
The shortcomings in the educational system are reflected in the general lack of confidence among providers in the management of CLBP: in a selfadministered survey of primary care physicians (PCPs) in Western Pennsylvania, participants were polled on their confidence in diagnosing various contributors to CLBP, such as myofascial pain, hip osteoarthritis, and scoliosis [18] . Among respondents, less than 50% felt "very confident" in their abilities for all items, and almost one-third felt "not at all confident" in select areas. Studies at the postgraduate level have shown a similar lack of confidence in managing these conditions [19] . Following the 2011 report by the Institute of Medicine [9] , along with other organizations' similar calls to action, the National Institutes of Health (NIH) Pain Consortium recently designated 12 universities to serve as Centers of Excellence in Pain Education (CoEPEs) [20] . The collective group was tasked with developing new curricula in the area of pain management, including online e-learning modules.
Several studies have evaluated the utility of e-learning modules as tools for teaching about chronic pain, demonstrating that they are not only accessible and wellreceived by participants [21] , but also have positive impacts on scores of knowledge and competency [22] . One of the major challenges in medical education, however, is establishing curriculum impact not only on learner knowledge and perceptions, but also in fostering change in clinical practice [23] [24] [25] [26] .
Impacting physician behavior is challenging. There is a time lag between translating research findings into clinical practice [25] . As a result, many health care providers in the United States continue to deliver low-value care [27, 28] . Curricula that change provider behavior are needed to impact patient outcomes and health care expenditure and thus effectively address our nation's pain crisis.
We had previously developed a module on CLBP through the University of Pittsburgh Center of Excellence in Pain Education and evaluated its efficacy in medical students. Those exposed to the module significantly improved their clinical skills, measured by performance during an Objective Structured Clinical Examination (OSCE) [29] . The goal of the present study was to demonstrate that the module is a feasible and effective tool for teaching internal medicine residents about the management of CLBP and to evaluate its ability to foster changes in their clinical practice.
Methods
The study was approved by the University of Pittsburgh Institutional Review Board.
Participants
Participants were categorical internal medicine residents at the University of Pittsburgh Medical Center (N ¼ 143), specifically those whose outpatient continuity clinics were located at one of two university hospitals located two miles apart (N ¼ 92); residents with clinic at the Veteran's Affairs (VA) hospital (N ¼ 51) were included in the group assignment and survey portions of the study, but were excluded from the chart review because the report used to identify low back pain encounters for review through the electronic medical record system for E-learning Module on CLBP in Adults the university-based clinics was not available for the VA clinics.
Existing UPMC Curriculum
The University of Pittsburgh Medical Center (UPMC) internal medicine residency program is scheduled by fourweek blocks (13 total per academic year) that alternate between inpatient and outpatient rotations. Residents maintain their outpatient continuity clinic one full day per week during outpatient blocks only. As a part of the existing curriculum, residents are exposed to a preclinic conference lasting approximately one hour prior to seeing patients on the days of their continuity clinic.
Group Assignment
Residents were convenience-assigned to groups based on their outpatient continuity clinic schedule. Those with clinic during in Block 5 were assigned to the intervention group (N ¼ 73), and those with clinic during Block 6 were assigned to the control group (N ¼ 70). The proportion of residents at each clinic site (university vs VA) was similar between groups.
Intervention Group
Residents were instructed to complete the CLBP elearning module during the second week of the block. Those with a university-based clinic completed the module during the time allotted for preclinic conference. As IRB approval was only obtained at the university sites, residents with continuity clinic at the VA were asked to complete the module on their own time. The module took approximately 45-60 minutes to complete.
The e-learning module was developed at the University of Pittsburgh CoEPE by a panel of experts in pain management. It is comprised of a series of brief video clips featuring a standardized patient with a common presentation of CLBP and is divided into the following four sections: health history, physical exam, treatment, and evaluating response. The module underwent internal review by instructors across the University of Pittsburgh Schools of Medicine, Nursing, Health and Rehabilitation Sciences, and Pharmacy. After initial modifications, it was then sent to the NIH Pain Consortium for external review. The final version of the module can be viewed online at http://painconsortium.nih.gov/NIH_Pain_ Programs/CoEPES.html under the title "Edna."
Control Group
Residents in the control group were not exposed to the CLBP online module, but instead completed the Yale Office-based Medicine Curriculum titled "Chronic (Low Back) Pain" during the designated preclinic conference hour in the second week of the block [30] . The Yale Curriculum is a regularly updated series of literaturebased syllabi covering common topics in primary care, available by subscription, which are presented in a case-based format. The CLBP edition presents a case of nonspecific low back pain and discusses evidencebased management strategies, both pharmacologic and nonpharmacologic. The topic was facilitated by a member of the General Internal Medicine faculty, per usual practice. It took approximately one hour to complete.
Survey
All participants were surveyed one to two months preintervention via an online survey (see the Supplementary Data) using Qualtrics software (Qualtrics Labs, Inc., Provo, UT, USA), then again three months postintervention. Surveys were distributed via email to the entire cohort of residents (N ¼ 143). Individual responses were anonymous and unmatched between pre and post time points. Five $100 gift cards were randomly awarded as incentivization for completing the postintervention survey, as initial response rates were poor. The survey was a modification of a previously published questionnaire [15] and consisted of the following four sections: demographics, attitudes, confidence, and knowledge. Attitudes and confidence were rated on four-point Likert scales. The knowledge section consisted of 1) a general assessment of chronic pain knowledge using the KnowPain12 questionnaire [31] , a previously validated, 12-item assessment on chronic noncancer pain; and 2) a 10-item case-based multiple choice test specific to the diagnosis and management of CLBP, which was developed by pain experts at UPMC. Participants were randomly assigned to receive one of two versions of the presurvey, and the alternate version for the postsurvey, such that they were never exposed to the same CLBP knowledge question twice. A single multiple-choice question from one test version was omitted from the pre-intervention surveys due to a transcriptional error. Scores were not shared with participants until after completion of the entire study to avoid impacting their level of preparedness or motivation to study for the postintervention survey.
Chart Review
A retrospective chart review of clinic encounters for participants at both sites was performed by a member of our team masked to group assignment (DKW) for the three-month period preceding the intervention, then again for the three-month period postintervention. As a part of an ongoing but separate measure of the management of acute low back pain, the University of Pittsburgh already creates automated reports from the electronic medical record (EMR) EPIC, which features data relating to patients who were seen during a particular quarter for back pain. These reports were accessed for the designated period, and encounters in which residents evaluated patients for low back pain were selected for additional review. The initial report included 612 total charts, of which a total of 470 were excluded for any of the following reasons: 1) the encounter was erroneously included in the report and did not address back pain; 2) the back pain was designated as acute; or 3) the encounter was duplicated. This left a total of 142 relevant encounters, which were reviewed manually via the EMR by a reviewer masked to group assignment, who rated ICD-10 codes and physical exam documentation as either basic or advanced according to the presence of certain elements (see Table 1 ). These designations were made based on the expert opinion of the study authors and a series of articles that highlight commonly overlooked contributors to CLBP [15, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] . For the physical exam, the inclusion of any of the following elements was considered advanced: leg length evaluation, spinal alignment, sacroiliac joint palpation, Flexion, Abduction, External rotation (FABER) test, and hip evaluation; basic elements included palpation, strength, range of motion, straight leg raise, and gait evaluation. For diagnosis codes, the following were considered advanced: hip osteoarthritis, fibromyalgia, myofascial pain, iIliotibial band syndrome, sacroiliac joint pain, scoliosis, and leg length discrepancy; conversely, back pain, lumbago, sciatica, lumbar stenosis, and spondylosis were rated as basic.
Statistical Analysis
Wilcoxon rank sum tests were used to make pre-vs postintervention and online module vs control module comparisons of individual survey items with ordinal responses, and a two-way analysis of variance model was used for comparisons of aggregate survey items treated as continuous variables. Chi-square tests were used for comparing rates of diagnostic codes and physical examinations. SAS software version 9.3 (SAS Institute, Inc., Cary, NC) was used for all statistical analyses.
Results

Survey
Participant characteristics, including proportion of residents at each clinic site (university vs VA), were similar between control and intervention groups. Survey response rates were also similar at pre-(N ¼ 44/143, 31%) and postintervention (N ¼ 42/143, 29.4%) time points. Comparison of pre-and postintervention surveys showed no improvement on the 10-item multiple choice test (pre: control module 62.2% 6 14.3%, online module 57.5% 6 16.1%; post: control module 56.8% 6 20.3%, online module 57.5% 6 16.2%) or the KnowPain-12 survey (pre: control module 38.5 6 4.6, online module 37.9 6 3.5; post: control module 37.4 6 2.8, online module 39 6 5.2) in either group, with mean scores of approximately 60% on both metrics. There were no significant improvement or between-group differences in resident attitudes toward CLBP. There was a trend for greater improvement in the intervention group compared with controls in confidence in managing fibromyalgia (2.4 to 2.9 vs 2.5 to 2.5, postintervention difference P ¼ 0.06), and there was a statistically significant improvement in leg length discrepancy (1.8 to 2.5 vs 1.5 to 1.9, postintervention difference P ¼ 0.05), as shown in Table 2 . There was a significant improvement in confidence in managing hip osteoarthritis in the online module group following intervention (2.8 to 3.2, P ¼ 0.05), though the difference between groups was not statistically significant (P ¼ 0.98).
Chart Review
There were no significant differences in the frequency of advanced diagnosis code utilization between the online module (N ¼ 142) and control module (N ¼ 142), with <10% of codes used by each group rated as advanced. There was no difference in the number of opioid prescriptions, nonopioids prescriptions, imaging studies, or consultant referrals between groups. The module group showed a statistically significant increase in the percentage of physical exam documentation rated as advanced following the intervention (13% to 32%, P ¼ 0.006), but the control group did not (14% to 12%, P ¼ 0.68), as shown in Table 3 .
Discussion
This study demonstrates that the use of a brief online module is a feasible and effective method for teaching medical residents about CLBP, and it can easily be incorporated into the existing chronic pain curriculum. This is in line with the recent call to action by the NIH Pain Consortium, which tasked several universities, including the University of Pittsburgh, with creating novel curricula for educating health care professionals about chronic pain. The study also highlights a significant knowledge gap in chronic pain management in general, and CLBP in particular, among internal medicine residents, with average scores of 60% on two assessments Table 2 Resident confidence in managing various contributors to chronic low back pain rated on four-point Likert scale on pre-and postintervention surveys Table 3 Number and percentage of diagnosis codes and physical exam documentation rated as advanced in pre-and postintervention chart review of resident clinic encounters of chronic pain knowledge. This finding is consistent with the existing literature on the state of chronic pain education in America, which is widely recognized as fragmented and inadequate.
Arguably the most important positive finding of this study was that the module was shown to substantively impact resident behaviors, as demonstrated by their documentation of a more detailed and sophisticated physical exam of patients with low back pain. This may be in part due to the fact that the online module consisted of multiple educational techniques (clinical cases, instructional videos, quiz questions, didactic text), which has been shown to be an especially effective method for changing physician performance [45] . Fostering change in physician practice patterns is a wellrecognized challenge, but represents a crucial first step toward improving clinical outcomes. As graduate medical education moves more toward competency-based milestones [46] , curricula capable of demonstrating impacts on physician behavior will become even more important.
Residents exposed to the online module demonstrated improved confidence in managing several contributors to CLBP, such as fibromyalgia, hip osteoarthritis, and leg length discrepancy. Why confidence improved related to these specific topics is unknown, although one possible explanation is the lack of a priori exposure that was associated with a steep confidence curve. The gap between knowledge and confidence shown in this study echoes previously reported findings that demonstrated this discrepancy among established, practicing physicians [18] . The lack of improvement in knowledge scores could be explained, at least in part, by the fact that there was no curricular reinforcement following the intervention, and postintervention testing did not occur until three months after exposure to the module. As per the Latin proverb, "repetitio est mater studiorum" (repetition is the mother of all learning). Moving forward, it will be important to develop additional educational techniques for reinforcing the material presented in the module in order to improve knowledge and skills.
Another interesting finding was the relative paucity of advanced diagnosis codes used among both groups, with less than 10% of all ICD-10 codes used being classified as advanced. There are several factors that could contribute to this finding. First, based on the functionality of the electronic medical record EPIC, it is easy to carry forward an ICD-10 code from a prior encounter. Consequently, for patients coming in for return visits, it is possible that in many cases residents simply carried the preexisting diagnosis code forward, rather than entering a new one themselves. The second factor that may have contributed is the fact that, during the study period, there was a system-wide transition from using ICD-9 codes to ICD-10 codes, which are intrinsically more specific. However, one would expect this to lead to the use of more advanced diagnosis codes. Third, while the module outlined the importance of diagnosing contributors to CLBP, it did not explicitly discuss coding or the use of diagnostic codes, which in general is a topic not often addressed in medical education [47] . Finally, it is possible that, while the module positively impacted resident physical exam skills, it may not have adequately emphasized the implication of these skills as they relate to diagnosis and treatment.
Certain management strategies employed by residents during their clinic encounters for patients with low back pain also were evaluated, and there was no difference between groups in terms of utilization of different medications, imaging studies, and specialist referrals. When it comes to actual management decisions in resident clinics, there are countless variables that can impact the chosen strategy, including 1) practice patterns of the resident's preceptor; 2) patient's preexisting plan of care (e.g., already on opioids); 3) patient preference and adherence; 4) insurance coverage and resource availability; and 5) patient risk factors. Demonstrating change in clinical practice patterns is very difficult. While education is necessary to change provider behavior, it alone is not sufficient, and curricular reinforcement is a critical aspect of realizing such changes.
There were several limitations to this study. First, while completion of the module at the university-based clinics was mandatory and took place during the dedicated preclinic conference session, residents with clinic at the VA hospital were instructed to complete the module on their own time, and there is no way to verify that this actually happened; there is also no mechanism for tracking who quit the module prematurely. Other factors could also have influenced whether residents were truly exposed to their assigned interventions in either group, including vacations, sick days, and changes in clinic schedule. Second, while the overall sample size of the study was reasonably large (N ¼ 143), the response rates to the online surveys were low: approximately 30% at both pre-and postintervention. Third, while encounters that specifically used a diagnosis code of "acute back pain" were excluded from the chart review, we did not specifically select encounters pertaining to chronic low back pain in older adults, which was the focus of the module; therefore, some charts reviewed were of encounters with acute or subacute back pain. Fourth, as the surveys were anonymous, we did not have a mechanism to pair the pre-and postintervention responses from the same resident, which would have reduced noise and improved our ability to detect change and differences. Fifth, residents are exposed to a variety of educational content every day, and it therefore cannot be assumed that any group differences were attributable solely to the module. Lastly, a single blinded reviewer coded residents' medical records with regard to the presence of physical exam elements. As the review only involved looking for the presence or absence of elements and did not involve a subjective interpretation of the data, a single reviewer was felt to be sufficient. Having a second blinded reviewer, however, would have enhanced the robustness of our data.
In light of the increasing prevalence and health careassociated costs of CLBP, along with its debilitating impact on countless individuals worldwide and the continued suboptimal management strategies by providers, it is necessary to turn a critical eye toward the existing pain management curriculum in America, which is sorely lacking. Web-based simulations are examples of "learner-centered" educational tools, and they have become increasingly popular in the past decade [48, 49] , though their use is far from standard. Modern medical education has multiple challenges including increasing time demands and knowledge burden, and these modules can be used to increase the effectiveness and efficiency of teaching in this setting.
The findings of this study are encouraging, reaffirming prior evidence that e-learning modules are a feasible method for teaching healt hcare providers about CLBP, which can easily be incorporated into the existing curriculum at the medical resident level. The impact of the curriculum on resident clinical behaviors is a positive first step toward changing clinical outcomes. Future studies should focus on whether similar modules could be used for educating practicing physicians.
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